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MARKOV CHAIN ANALYSIS OF CLASSRCCM INTERACTION DATA%*

I. Introduction

In 1961, Neﬁ,Fianders described a technique for class-
ifying and quentifying sequences of verbal behavior in the
classroom, Verbal behavior is classified by & trained ob-
-server and then ccded into a square interaction matrix,
Each entry in an interaction metrix represents the frequency
with which the row category is followed by the column cat-
egory. Little vwork has been done in the quantitative anel-
ysls of classroom interaction daﬁa, aside from the deriva-
tion of several‘ggrégg indices such as the direct-indirect
influeqce ratio. In 1959, Darwin derived a series of like-
lihood ratio ériteria for comparing.{wo or more realiza-
tions.of Markov, or one-dependent probebllity chains,
Darwin illustrated their use with some of Flanders' early
classroom interaction deta. In order ior_Darwin's tests
té be epplicable, however, the chains must pﬁéﬁéss the
properties of a Markov chain,

Based on the likelihcod ratio criteria developed by |
Hoel (1954) to test the length of dependence of & proba-
bility chain, Pena (1972) reported that the chains result-

ing from classrcom interaction observations do not satisfy

*The authors wish: o acknowledge the cooperation of Dr,
Charles E. Gray and Dr., Richard C. Youngs for contributing
the data analyzed in this paper, Data were originally col-
lected for Experimental Project 178, "Preservice Teacher
Training and Creativity in Problem Solving: A Developmentel
Investigation," August, 1971. '



the requirements of a Markov chain; that is, Pena concluded
that the probability of occurence of any verbal classroom
behavior appeers to depend, not on the immediately preced-
ing behavior, but rather on the two preceding behaviors.
Peae. élso concluded that Darwin's tests were too powerful
biceuse the tests often identified interaction matriceé as
different wheﬁ the matrices resulted from observations of
"educationally homogeneous“ classrooms, Her criterie for
identifying "educationally homogeneous" classrooms, however,
vere compareble mean scores on a math achievement test which
are affected by many things oﬁher'than verbel interactlons
within a classroom,

The results reported by Pene concerning the Markovian
broperties of interaction date are misleading. In ordér to
obtain long chains for a single teacher, she combined data
across five different subject areas; in order to cbtain
long chaine for a single subject ares, she combined data
8CTO8S fife different teaschers, Such additive procedures
would be warranted only if.differences in interaction
matrices were shown to be independent of differences iﬂ sub=~
Ject matter and differencés in teachers. Furthermore, by
combining chains acioss teachers and'écross subject aress,
Peﬁé analyzed chaeins which ranged in length from 2,398 to Hh?56
'fallieg (2-10 hours)., Although the question of what con-
stitutes an "observation" is somewhat embiguous, it Seems
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unlikely that continwous interaction séquences of this

length would occur nsturally in ordinery classroom settings.

II. Method —

In the analysis reported here chains ranging in
length.from 167-544 tallies (8-27 minutes) wefe first
tested for length of dependence, u, (Hoel, 1954), then
tested for the equality of transition and cccupation pro-
babilities using the four l;kelihood ratio criteria de-
rived by Darwin (1959). The deta were cbtained from a
tralning project which hed es its intent the establish-
ment of teaching skills resultiﬁg in increased divergent
pupll production in problemésolving.

Five sets of deta were selected involving four’stu-
dent-teachers participating in the training project.

Two of the teachers were observed in kindergarten classes,
one a mémber of a training group, the other a control.

Two of the teachefs were observed in twelfth grade classes,
agaln representing a training end a control group. A
second observation for the control kindergerten teacher
was included to provide within-subject comparisons. Ob=-
servations were recorded on vidéotape and coded by a
single observer who verified doubtful classifications by
repeated viewlngs. The chains of'beha§iors resulting

from these observations were each coded into a 9 x 9

matrixe Original obeervations were based on e more complex
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coding system (Amidon, Amidon and Rosenshine, 1969), but
mahy categories had no entries.in any row or column and
were subsequently eliminated; other subcategories had few
entries and were combined with closely releted subcate-

gories in order to simplify the amalysis,
insert table 1

Hoel's test for the leng%ﬁ of dependence (u) of a
probability chains employs a likelihood retio criterion
distributed as chi-square, The Hoel procedure involves
choosing a prdbable length of dependence, testing for
significance and then'decreasingbu by ohe and testing for
significance again., The procédurefis?stopped‘at the '
polnt where u is not significant but ﬁ-l is significanf;
Each of the five interaction chaiﬁs used in this analysis
was tested for twd-dependence and one-dependence, In all
five cases the X2 criteria (converted to Z) for two-
dependence were not significant, while the X2 criteria

for one-dependence were significant,
insert teble 2

These resulté indicated that each of the five chalns used
in this analysis 1s a realization of a Markov chain, and

~ consequently, that the Dexwin tests would be applicable.
L



The Derwin procedure provides four 1iké11hood ratio
criterion tests for comparing the equality of any number
.of realizerbions- of a Markov chein, However, the present
anelysis conslidered only the case in which two realiza-
tions are tested for equality. Briefly, Darwin's four

likelihood ratio criteria test the equality of:

l. two complete sets of' transition probebllities,
Pike

2, ‘two off-disgonal sets of transition probabil-
ities, pjx, regardiess of the disgonal values,

Pjd.

3. two diagdnel sets of transition probabilities,
- Djj» regexdless of the off-disgonal velues,
Pike

3
k., +two sets of occupation probsbilities, in or the
probebility of occurence of a behavior
category.

The criteria values of tests 2, and 3. are addi-

tively equel to the criterion value of test 1. Test 4,

" . for the equality of two sets of occupation probabilities

ney seem'redundanft since the Pj values are related to the
Pjk velues, Ho’wever,.Darwix} points cut that 1t is pos-
sible for two reelizetions of a Markov chain to.differ so
slightly that the difference will not be detected by test 1,
but that the perticular functions of tl;ese differences as
reflected in the Pj mey result in the significence of
the criterion velue of test 4,

 The four Darwin tests were epplied to 811 six possible
between-teacher compsrisons and the one within-teacher
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onmparison.
III, Results and Discussion
All four likelihood retios were significant (p ».001)

for the six between~teacher ccmparisons,
insert teble 3
In these six comparisons, between 61-87% of the first cri-

terion value was accounted for by-test 2, indicating that

these metrices had more pronounced differences in their off-

diagonal entrieskthan in their steady-states, In the withip-

teacher comparisons, the first three tests revealed no

significent overall differences (p ¢ .10), but the fourth like-

- 1ihood retio, testing the equality of occupation probabilities

ves significent (p> .00l). These results suggest that inter-
ection matrices mey reflect within-subject consistency and |
that general octivity patterns are essentialiy the'same for a

single teacher, Occupation probabilities, however, reflect

- differences in the time spent in each category of behavior,

and such time differences may vary from situation to'sifuaf
tion for a particular teacher, .
Another noteworthy feaﬁﬁre of the data is that the‘cri;l‘
teria values assoclated with between-grade, within-treining
comparisons were greater in megnitude than the criteria values
associated with between-training,_within-grade comparisons,

Thué the data confirm the common sense assumption that grade
6



level differences are more important then training group
differences to the patterns of verbal behavior represented
in en interaction matrix. In the oriéinal study from
which the data were obtalned, the grade level effect was
also more pronounced then the training group effect in
regards to the number of hypotheses generatéd per minute
(hpm) during an cbservation. Renk order correlations
(Kendall's Tau) were computéd between each of the four
sets of likelihocd ratlo criteria and the absolute dif-
ference in the number of hypotheses per ﬁinute (hpm) for
each of the-six betweep—tgaéher pairs.

P

insert table L

Since the magnitude of a likelihood ratio critericn re-
presents the dégiee cf discrepancy between two realizations
of a Markov chain, these correlations suggest that the
greater the difference in the off-diagonel entries 6f two
interaction matrices, the gréater the difference in the
nuiber of hypotheses generasted per rdnute in the two class-
rooms. A relatively stroﬁg relatibnship also appears to
exist between differences in thé_total propcertion of time
soent in any behavicral cetegory and differences in the
hpms for two classrooms.

Praa also pointed out that one factor influencing the

‘magnitude of a likelihood ratio criterion is the length of

the chains used in an analysis. Renk order correlations

7
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' between the.total length of each peir of realizations and
the four seté of likelihood ratio criterie were elso com-
puted and resulis tended to confirm Pena's statement, with
the exception of likeiihood ratio criterion 2, the test for

the equality of off-diagonal probsbilities.
insert teble 5

Fewer entrles in the off-diagonal cells &appesr to pg some-~
vhat related 4o lerge criterion valuess

. There is reason to believe that in sequences of ordin-
ary lengths, chains derived fiom interaction analysis cb-
servatlons are one-dependent 6r Markovian in nature and
consequently the procedure outlined by Derwin may be & use-
-Aful method of.qnantitative anelysis for the dynamics of
clessroom behavior, Differences in the megnitude of like-
linood ratio ¢riteria compared acrdss grades and acroés
treatment groups indicate thet grede lzvel has a greater
influence on geﬁerél patterns of verbel interactions than
does trailning, Sirce within-subject corparisons were not
slznificent 3in three of tiie four tests, a Markov analysis
of clussroom interactlon dete seems & potentimlly suitable
méthod for describing the steble characteristics of & |
single tveacher, and adding chains of observations across
different teachers should not be done wifhout p;gvious
testing to assure that all feachers' cheracteristics are

8



similar, o
Although the procedures used in this aniysis &é,»qffer
~ & foundation for further theoreticel work in the stu’yréf
teaching, several issues of pracﬁical and theofeticg; in-
terest remein unresolved, In this study, & relationship
vas found between differences in interaction sequences and
the m_ﬁmber of hpms, but anelysis by & Markovian modeJ.' irds
e post hoc procedure: date collection procedures were ROt '
designed to examine, or even reveal, relationships.of this
k'ind-. Further theoreticel. attention should be given to
sppropriate choice of criteria., The question raised by
Pena's conclusion that the Darwin tests are too ruwérful
also remeins unresolved and is confounded by the apparent
relationship between the length of. the cheins used in the
enalysis end the resulting criterion value. An answer to
this quecilon would seem to depe‘r'zd-;.f upon a co:ﬁbinat;qn of &
'theory of teaching relat;ble to a f;iarkov model and Monte
Carlo studles of error rates for s’lelected’ transition and

‘occupa.tion probai:-ili.*by parametex values,
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TABLE 1

EXPANDED I TERACTION ANALYSIS CATEGORY SYSTEM

TEACHER TALK le. ACCEPTS STUDENT FEELINGS
la - Acknowledges feellngs
lc - Clarified feellngs.
1r - Refers to similar feelings of others

#2, PRAISES .
2w - Without criteria
2p - With public criteria

2p - With privete criteris
Comblned :

v

%3, ACCEPTS STUDENT IDEAS
3a - Acknowledges ldeas

: 3¢ = Clarifles idesas

L 3s - Summarizes ideas

4, ASKS QUESTIONS

#4f - Factusal questions
e - Convergent questions
#hq - Divergent questions.
#he - Evaluative questions

*5, LECTURES
"5f - Factual lecture
5m - Motivational lecture

Conbined :
’ 50 « Orientational lecture
_ p - Personal opinion lecture

6. GIVES DIRECTIONS
6c - Cognitive directions
6ém - Menagerial directions

T. CRITICIZES
" Tw - Without criteria
Tp - With public criteria
T - With privete criteria

STUDENT TALK 8. STUDENT TALK, PREDICTABLE
#8f - Fectuel student talk
8c - Convergeut student talk

#9, STUDENT TALK, UNPREDICTABLE
94 - Divergent student talk
' Qe - Evaluative student talk
Conbined {91 - Student-initiated talk

#Used in present
Q anelysis




Teble 1, Continued

NO TALK #10, STLENCE OF CONFUSION
(105 = Silence
10¢c - Confusion
0 =« A change of apeakers in student-to-student
interaction, and the beginning and end of a
coding sequence in matrix construction,

Ccoubined

From Edmund Amidon, Peggy Amidon, and Baresk Rosenshine, SKIT Work Manusl,
Minneapolis: Assocliation for Productive Teaching, 1969, p. 13. .



TABLE 2
RESULTS OF THE HOEL TEST FOR THE LENGTH OF DEPENDENCE

OF A PROBABILITY CHAIN

] EXPERIMENTAL | LENGTH OF CHAIN
TEACHER |  GRADE GROUP (No. of talldes) Ju | x° ar 7%
1 Kindergarten Control 325 2 |241,91 | 576 | -11.93
325 1 1344,19 72 14,28
1 Kindergarten Control 167 2 {146.73 | 576 - 7.63
167 1]228,32 | 72 9,62
2 Kindergerten | Training 307 2 [191.89 | 576 -1k .3k
' 307 1 | 293.96 72 _ 12,29
3 12th Control 323 2 |234.83 | 576 -12,26
: 323 1 [374.59 | T2 15,41
L 12th . Training 54l 2] 93.57 | 576 -20,25
_ 5Lk 1 1816,08 72 28 4k

v vt

7 = Jax® - \Joar-l . X2 converted to z due to df 3 70 .




LRC,-off-diagonal
LRC3-diagonal
LRC; -total

. LRCy~occupation

TAELE 3

RESULTS OF DARWIN TESTS FOR THE EQUALITY OF

TWO REALIZATIONS OF A MARKOV CHAIN

WITHIN-GRADE COMPARTSONS

BETWEEN-GRADE COMPARISONS

Homogeneous Heterogeneous Homogeneous Heterogeneous
Treatment Treatment Treatment Treatment
69.966 (KNT) 103,450 (KT vse KNT) 1504328 (KT vse. 12T) 148,211 (12T vse. KNT)
._?ﬁﬁuv 93.967 (12T vs, 12NT) wa.mmw (KNT vs,12wT) | 160,129 (KT vs, 12 NT)
9.960 (KNT) 29.287 (KT vs. KNT) 82,000 (KT vs, 12T) 04297 (12T vs. KNT)
(within) 43,930 (12T vs, 12NT) | 60,612 (KNT vse 12NT)| 23,622 (KT vs. 12 NT)
79.926 (KNT) 132,736 (KT vse KNT) 232,327 (KT vse 127) mwm.moq G.me vso KIT)
(within) 137.898 (12T vs, 12NT) | 163,834 (KNT vs. 121T) Hm_w,.wmp (KT vso 12NT)
30.615 (KIT) 47,501 (KT vs. KNT) 89,416 (KT vse 12T) g4 416 (12T vs. KNT)
(within) 37,323 (KNT vse 12NT)| U8.722 (KT vs. 12NT)

50,945 (12T vs, 12NT)




TABLE 4
RANK ORDER CORRELATIONS BETWEEN ABSOLUTE DIFFERFNCES
. IN HPMS OF ALL BETWEEN-TEACHER COMPARISONS AND

THEIR RESPECTIVE LIKELIHOOD RATIO CRITERIA

hpmy, ~-hpmg
A, IRC ' 1 2 3 L
1, - 1.17 .81 1.
2 | 232 - 36 . W.2b .
Criteria _ ; = .07
Values 3 , 133 243 - .60
‘ .
L, 184 138 194 -
Bo LRC2 1 2 | 3 I
i _ :
1 - 1,17 81 SRS
i .
2 | 150 - .36 o2h |
Criteria ! : = ,60
Values 3 1+ 103 148 - .60
b | 160 ok 133 -
Ce LRC3 1 2 3 | L
T - 1.1 81 1.4
i .
, 2 | 82 - 36 2k
Criteria | 'fr/ = = ,33
Values 3 ! 29 ol - ._ .60
| ou b 61 -
D, LRCYy . . _ 1 ____-® 3 "
1 - 1.17 1 1.
|
}
2 . 89 - A 036 021l ’ )
Criteria I ”T)= «33
values 3 l 48 gl - 60
PR 51 37 -




TABLE 5
RANK ORDER CORRELATICNS BETWEEN TOTAL
LENGTHS OF BETWEEN-TEACHER PAIBS
OF CHAINS AND THEIR RESPECTIVE

LIKELIHOOD RATIO CRITER’A

Total Length of Pairs

A. LRC) | 1 2 3 l
| 1 - ko 627 628
2 lezp - 868 876 ,
Criterie j _ T = .48
Values 3 i 133 243 - 656
L 184 138 19k -
Bo LRC, . 1 2 3 4
1 - 810 627 628
2 150 - 868 876
Criteria - ' ' fr}= - 20
Velues 3 i 103 148 - 656
L ’% 160 gl 133 - -
Co LEC3 1 2 ' 3 | L
1 :5 8 627 628
FRE:" . 868 876 ;
Criteria L T*’= A8
Values 3 ;29 94 - 656 "
N Y & -
D. LRCy ' 1 2 3 b
1 - gio - 627 628
o 2 189 - 868 876 =
Criterie : “T7= 60
Velues 3 ‘M8 gk - 656 '
4

ko 51 . 37 -




